Conventional nonsurgical management of severe obesity in the pediatric population and adolescents has focused on a multidisciplinary approach involving diet, exercise, behavioral modification, and to some extent, pharmaceuticals. Although nonsurgical strategies provide a certain degree of effective weight reduction, most of the severely obese adolescents suffer from a high relapse rate. In recent studies, long-term outcomes of bariatric surgery for severely obese adolescents have shown sustainable effects on weight loss and resolution of related comorbidities, such as hypertension and type 2 diabetes mellitus in this vulnerable age group. Notably, the role and practical benefits of bariatric surgery as a multidisciplinary therapeutic approach to adolescent obesity is gaining attention and acceptance. However, a surgical approach has many obstacles that prevent the timely evaluation and optimal intervention for adolescent obesity and its comorbidities. In the present review, the latest data on long-term outcomes after bariatric surgery for severely obese adolescents in terms of durability, effects on metabolic risk factors, complications, and optimal timing were summarized. The results showed the sustainability of weight loss and comorbidity resolution in adolescents following bariatric surgery. In addition, earlier surgery in patients without an extremely high body mass index increases the likelihood of a healthier life in adulthood. This review can help clarify the beneficial effects of bariatric surgery on weight reduction and resolution of comorbidities in severely obese adolescents and remove the barriers to referral of adolescents for bariatric surgery.
INTRODUCTION
The prevalence of obesity in the pediatric population (body mass index [BMI] > 95th percentile for age and sex) is 18% in the United States. 1, 2 Extreme obesity, defined as a BMI > 99.5 percentile, has increased up to 6%. 1, 2 The socioeconomic burden for the management of obesity and related disorders in the pediatric population should be discussed as part of a major health care policy and extensively investigated because ineffectively controlled childhood obesity carries substantial healthcare implications. 3, 4 These findings justify that an active obesity management strategy should be imple-mented in the pediatric population and adolescents.
In general, obese children remain obese in adulthood. In five previous longitudinal U.S. studies, 57% of children were reportedly at risk of being obese by the age of 35 years. Furthermore, obesity will begin before adulthood in 50% of these children. 5 Studies on the long-term effects of obesity in teenagers clearly demonstrate that obese children and adolescents are at risk of premature mortality and significant adverse health consequences, such as type 2 diabe-sustainable weight reduction in severely obese adolescents. Approximately 3%-44% of patients on weight-loss medication experience a certain degree of adverse reactions, [7] [8] [9] sometimes leading to additional hospital admissions and the aggravation of psychiatric problems. These findings emphasize the need for appropriate and timely surgical intervention because severely obese teenagers are likely to remain severely obese with premature mortality and intractable morbidity. 5 Recently, the role of bariatric surgery in severely obese adolescents has received more attention, however, the surgery has not yet been universally accepted. Referring practitioners still disagree on the safety and long-term efficacy of surgical intervention in teenagers which creates a reluctance to refer. However, based on recent evidence regarding safety and efficacy of bariatric surgery in adolescents, revisiting the role of surgical intervention is warranted due to the high obesity epidemic in teenagers and the strong controversial opinions.
In general, recognition of the potential benefits of adolescent bariatric surgery is evolving; however, only a decade ago almost half of referring practitioners responded they would not refer their adolescent patients with severe obesity to bariatric surgeons regardless of specialty and years since board certification. According to a survey in 2007, the respondents considered 18 years as the minimum acceptable age for referral. In addition, the BMI percentiles reported appropriate for bariatric surgery referral ranged widely.
Surprisingly, a third of the respondents had no knowledge of the recommendations regarding bariatric surgery as a treatment option in a multidisciplinary strategy for adolescent obesity from the expert literature such as the American Academy of Pediatrics. 10 More recently, the issues on the perception of bariatric surgery and practice of bariatric surgery in adolescents were reexamined 10 and only 15% of respondents were still claiming they would not refer adolescents of any age for bariatric surgery. Referring pediatricians and family physicians who have fewer years of practice are less likely to avoid recommending bariatric surgery and more likely to consider bariatric surgery as part of a multidisciplinary obesity treatment strategy. Consequently, greater exposure to the concept of bariatric surgery for adolescents may have led to a potential shift in opinion.
There are significant and rational concerns, especially regarding safety, in this vulnerable age group. Given its irreversible and inva-sive nature, whenever pediatric bariatric surgery is considered, several issues in terms of effectiveness, sustainability, procedure-specific complications, teenage specific adverse effects, and optimal timing of intervention as well as ethics arise. These issues require thoughtful consideration and justification based on evidence from well-designed studies.
In the present review, recent data on long-term ( > 5 years) outcomes after bariatric surgery for severely obese adolescents were summarized, specifically regarding durability, complications, and optimal timing for surgery. The conclusions drawn from this review can help overcome the obstacles to adopting bariatric surgery as an effective therapeutic modality for severely obese adolescents.
DURABILITY
Referring severely obese adolescents to bariatric surgeons may provide substantial benefits. 11 A multicenter analysis of 1-year outcomes after Roux-en-Y gastric bypass (RYGB) for adolescents with severe obesity showed a mean BMI reduction of 37% and a substantial reduction in the rate of metabolic syndrome, including a resolution of T2DM in approximately 50%-100% of patients, resolution of dyslipidemia in 23%-100%, and hypertension in 54%-100%. 12 In the Teen-Longitudinal Assessment of Bariatric Surgery (Teen-LABS) study, a multicenter prospective trial which enrolled teenagers at a mean age of 17 years, showed the mean BMI reduced to 39 kg/m 2 3 years after surgery from 52.5 kg/m 2 preoperatively.
Despite the substantial reduction in BMI, the reduced BMI remains indicative of a severely obese population. 13 A primary weakness of a lifestyle modification strategy is the lack of a sustained effect on weight loss, 14, 15 which is a similar concern regarding bariatric surgery for severely obese adolescents. Consequently, determining the role of adolescent bariatric surgery and referral of adolescents to bariatric surgeons has been hindered due to lack of evidence on durability from long-term studies. Meaningful evidence is beginning to emerge from well planned and methodic clinical efforts and research trials. The outcomes of long-term ( > 5 years) prospective multicenter trials have consistently shown sustainable weight reduction and compelling resolution rates of comorbidities. [16] [17] [18] In the Swedish Adolescent Morbid Obesity Surgery (AMOS) study, a significantly lower BMI was observed post-operatively compared with age-matched medically-managed controls. Furthermore, cardiovascular risk factors substantially improved after RYGB (Table 1) , including glucose tolerance, blood pressure, and plasma lipid concentration. 16 In particular, all patients experienced T2DM remission, which was better than any results previously reported for adults. 19 The outcomes of adolescent bariatric surgery 5-12 years after RYGB were investigated in the Follow-up of Adolescent Bariatric Surgery at 5 Plus Years (FABS 5+) study, a recent long-term multicenter prospective trial. 17 In that study, mean baseline BMI was reduced postoperatively by 29%. The remission rate of T2DM and resolution rate of hypertension were 88% and 76%, respectively (Table 1) , which corroborates the findings of studies with shorter follow-up periods in the literature. 8, 13, 20 In the latest long-term report from the Teen-LABS study, the authors reported an obvious durable weight reduction of 26% in adolescents; the T2DM and hypertension revision rates were 86% and 68%, respectively ( Table 1 ).
The favorable outcomes of adolescent bariatric surgery were confirmed when postoperative results of bariatric surgery were compared between adolescents and adults. In the Teen-LABS study, 18 5 years after surgery, 60% of adolescents maintained a weight reduction ≥ 20%, which was slightly less than in adults.
Conversely, 4% (95% confidence interval, 2%-9%) of adolescents maintained a weight reduction < 5%, which is slightly higher than in adults. Therefore, long-term periodic clinical surveillance for individual compliance and specialized care with a relevant solution is essential for this vulnerable age group.
EFFECTS ON METABOLIC RISK FACTORS
The parameters of cardiac and systemic circulatory function improve dramatically and are maintained long-term after bariatric sur-gery in adolescents. Echocardiography showed myocardial function significantly improved after adolescent bariatric surgery. 21 An essential echocardiographic finding after RYGB in adolescents was improvement of left ventricular hypertrophy which led to improved diastolic function of the left ventricle. 21 The proportion of adolescents with hypertension decreased from 43.6% at baseline to 15.5% at 3 years. Furthermore, the proportion of adolescents with dyslipidemia significantly decreased (29.4% vs. 75.2%). 13 Bariatric surgery showed significant and sustainable antidiabetic effects in adolescents, similar to adults. The proportion of adolescents with T2DM was reduced from 12.6% at baseline to 0.6% at 3 years postoperatively in the Teen-LABS study. Based on this finding, timely bariatric surgery in adolescents will likely reverse the risk of full development of T2DM. When comparing the 30 participants who underwent bariatric surgery in Teen-LABS to the 63 medically-treated participants in the Treatment Options of Type 2 Diabetes in Adolescents and Youth (TODAY) study, hemoglobin A1c levels worsened from 6.4% to 7.8% in the medically-treated participants in the TODAY study; however, hemoglobin A1c improved from 6.8% to 5.5% among participants who underwent bariatric surgery in the Teen-LABS study over a 2-year period. In the TO-DAY study, adolescents had been randomly assigned to medical therapy, including metformin with or without rosiglitazone or lifestyle counseling. Insulin was administered to participants in the TODAY study whose T2DM worsened over time during the study. BMI increased by 3.7% in the TODAY participants but was reduced by 29% in the Teen-LABS participants. 18 The benefits of bariatric surgery may be more obvious in adolescents than in adults. In adults with severe obesity, T2DM remission has been reported in 42%-68% of patients 5 years after bariatric surgery. 18, 19 Conversely, a collective review of T2DM remission rates in long-term multicenter prospective studies of 35 diabetic adolescents showed approximately 89% of the patients achieved remission 5 years after bariatric surgery. [16] [17] [18] COMPLICATIONS A measurable rate of major and minor complications are associated with bariatric surgery, irrespective of the type of procedure. In general, bariatric surgeries are well tolerated with a minimal risk of serious perioperative complications. [22] [23] [24] In the Teen-LABS study, complications requiring reoperation, causing harmful sequalae, or leading to life-threatening conditions occurred in 9.3%, 4.5%, and 7.1% of patients after RYGB, sleeve gastrectomy (SG), and adjustable gastric banding (AGB), respectively. 25 Minor complications not requiring additional intervention, such as additional laboratory sampling, testing, or unplanned nutritional support occurred in 16.8%, 11.9%, and 7.1% of patients after RYGB, SG, and AGB, respectively. 25 The most frequent minor complications were surgical site infections and urinary tract infections. 8 The National Surgical Quality Improvement Program in the Unites States reported an overall immediate postoperative ( < 30 days) complication rate of 2.4% in patients 18-21 years of age. 26 The major complication of anastomotic or staple line dehiscence occurred in 2%-5% and 0%-20% of RYGB and SG patients, respectively. 13, 17, 25 These complications remain a serious concern, although most patients enjoy benefits from the surgery and do not experience any adverse events.
However, the benefits of bariatric surgery should be compared to the risks of not undergoing the surgery.
To the best of our knowledge, less than six deaths have been reported after bariatric surgery in adolescents to date, and none were associated with a procedure-related complication. 13, [16] [17] [18] Among the 242 patients in the Teen-LABS study, no mortality occurred during the immediate postoperative period ( < 30 days). 13 In the FABS 5+ study, the authors acknowledged the significance of three mortality cases (1.9%) in adolescents (2 per 500 person-years). However, the mortality rate was not significantly different compared with the adult cohort (1.8%). 17 Death in the adolescents occurred several years postoperatively and were not directly attributable to the surgery. One mortality resulted from suspected sepsis in a patient with type 1 diabetes mellitus, and two were consistent with drug overdose.
Regarding the immediate postoperative unexpected surgical intervention, recent National Surgical Quality Improvement Program data showed an immediate postoperative reoperation rate of 1.5% after bariatric surgery in adolescents and a readmission rate of 4.1%, 27 these rates are not overly high compared with other major abdominal surgeries. Furthermore, during the longer-term followup period, the reoperation rate for any reason was approximately 13% during the 3-year follow-up, as reported in the Teen-LABS study. 13, 25, 28 The cohort showed a relatively high intraabdominal reoperation rate in adolescents compared with adults over the 5-year period (20% vs. 16%). The most common cause of reoperation was gallstones, followed by intestinal obstruction. 18 A high likelihood of reoperation after bariatric surgery in adolescents over a 5-year period (25%) was also reported in the AMOS study. 16 Further examination of the surgery outcomes could partly explain the higher rate of reoperation in the adolescent cohort compared with the LABS adult cohort over the long-term follow-up. 18 However, bariatric surgeries are performed much more frequently in adults.
Notably, there have been recent advances in surgical techniques in adult bariatric surgery, including the effective and secure closure of mesenteric defects during RYGB and postoperative use of choleretics during the rapid weight reduction period. These factors may have resulted in patients avoiding the need for corrective surgery during the longer-term follow-up. 18 The need for postoperative micronutrient supplementation is a concern. Subnormal levels of micronutrients are frequently observed in the adolescent bariatric surgery group. 18 These findings are highly prevalent in obese adolescents and become more prevalent after bariatric surgery. 16, 18 In the AMOS study, 72% of subjects had some degree of nutritional deficiency associated with RYGB (Table 2) , with anemia and vitamin D deficiencies observed in 32% and 30% of the patients, respectively, during the postoperative period of > 5 years. 16 At 2 years, subnormal micronutrient levels also appeared to occur in the AMOS, FABS 5+, and Teen-LABS studies ( Table 2 ). Refinement of micronutrition supply during the follow-up after bariatric surgery was commonly recommended for both study groups. The implementation of well-designed regimens during closer follow-up is essential, and the specific challenges associated with continuous adherence in adolescents are important. 13, 16 To date, although the validity of bariatric surgical proce-dures for adolescents has been confirmed, the probability of postoperative micronutrient deficiency adversely affecting growth, maturation, or development in adolescents warrants further exploration.
Currently, surgeons tend to prefer SG, which is gaining popularity over the last 5 years due to fewer complications and similar outcomes to RYGB. 14, 29, 30 In a recent study, no intraoperative complications were reported, however, one case of postoperative pancreatitis occurred among adolescents with median BMI > 50 kg/m 2 who underwent SG. 31 Additional data from 108 adolescents between the ages of 5 and 21 years who received bariatric surgery showed a 4.3% rate of minor (without major) complications. 32 More recently, accredited bariatric centers reported a 93% uneventful recovery rate in adolescents but a < 2% immediate postoperative complication rate. An uneventful event was > 2 times likely to occur after SG compared with RYGB after adjustment for risk factors. 25 The notable shift to SG in adolescent bariatric surgery is attributable to those findings. 33
TIMING OF BARIATRIC SURGERY
The optimal timing of bariatric surgery for adolescents with severe obesity remains unclear. Almost a decade ago, Inge et al. 28 raised the concern of optimal timing to achieve effective weight loss and comorbidity resolution and prevention. The authors addressed this question in the early part of their stepwise studies, in which a rational argument was suggested based on the outcomes in the Teen-LABS study. 28 The authors stated that preoperative BMI was a major determinant of nadir BMI after RYGB in adolescents.
Michalsky et al. 20 reported the relevant data indicated that sustained weight reduction was more likely in patients with relatively lower ( < 50 kg/m 2 ) baseline BMIs who were generally younger. Further-more, Inge et al. 13 ascertained that most study participants with an excessively high BMI remained obese even though they lost a significant amount of weight postoperatively, which appears attributable to the floor effect of bariatric surgery. This finding supports the hypothesis that surgical intervention in the earlier phase of obesity is associated with a better chance of obtaining normal weight.
The idea that earlier intervention leads to more significant beneficial effects may also influence resolution of obesity-associated comorbidities, a concept previously proposed by Michalsky et al. 20 The authors investigated the changes in risk factors of cardiovascular disorders, such as hypertension and dyslipidemia, during a
3-year follow-up after RYGB and SG. Overall, the patients with at least one cardiovascular risk factor decreased from 97% at baseline to only 48% 3 years after surgery. Preoperatively, more than three different cardiovascular risk factors occurred in 33% of participants and in only 5% 3 years after bariatric surgery. Patients who did not have definite dyslipidemia or hypertension at baseline also showed significant improvements in lipid profile and blood pressure values over time. 20 Because the ability to normalize high blood pressure and dyslipidemia in adolescent patients who received bariatric surgery decreased in patients with higher BMIs, bariatric surgery at lower thresholds for intervention will hypothetically be much more beneficial.
Earlier surgical intervention can also be justified because the increase in risk of various metabolic derangements can be attenuated in patients who achieve successful weight reduction through nonsurgical options before reaching adolescence. 34 Children with obesity who remained obese in adulthood had increased risks of obesity-related disorders, including T2DM, high blood pressure, and dyslipidemia. The risk of exhibiting these comorbidities in adulthood was similar to people who were never obese. 34 However, Bjerregaard et al. 35 reported that patients who were overweight in child- The data may support the potential benefits of resolving obesity by bariatric surgery earlier in adolescence to prevent obesity-related comorbidities in adulthood and further reinforce the practice of considering bariatric surgery for adolescents with BMIs > 40 or > 35 kg/m 2 with specific comorbidities. The concept that early bariatric surgery in adolescents without an extremely high BMI could provide better outcomes is well-justified.
The main findings from the latest Teen-LABS ( > 5 years' followup) study showed a more favorable improvement in hypertension and T2DM among adolescents compared with adults. 18 Based on the results from the Teen-LABS study, adolescents have a greater chance of achieving remission of T2DM (86% vs. 53%; risk ratio, 1.27) and resolution of hypertension (68% vs. 41%; risk ratio, 1.51) compared with adults after bariatric surgery, whereas the magnitude of weight reduction (26% vs. 29%; P> 0.05) did not differ between adolescents and adults. Bariatric surgery early after diagnosis was hypothesized to have influenced the favorable outcomes of T2DM remission based on the so-called salvage phenomenon in pancreatic beta-cell insulin secretory function before the irreversible injury. In general, T2DM is more aggressive in adolescents than in adults which leads to a higher failure rate of first-line oral anti-hyperglycemic agents. 36, 37 Nevertheless, bariatric surgery has successfully shown encouraging evidence that RYGB, and currently SG, could be reliable therapeutic options for adolescent T2DM patients if weight reduction is sustained, based on the long-term data from the Teen-LABS, FABS 5+, and AMOS studies. 
CONCLUSION

